From May to October 2006, six severe Pseudomonas aeruginosa infections were diagnosed in patients undergoing SCT in the SCT unit of the Careggi hospital (Florence, Italy). Four of the infected patients were treated consecutively in the same room (room N). On the hypothesis of a possible environmental source of infection, samples were collected from different sites that had potential for cross-contamination throughout the SCT unit, including the electrolytic chloroxidant disinfectant used for hand washing (Irgasan) and the disinfectant used for facilities cleaning. Four of the environmental samples were positive for P. aeruginosa: three Irgansan soap samples and a tap swab sample from the staff cleaning and dressing room. The AFLP (amplified fragment length polymorphism) typing method employed to evaluate strain clonality showed that the isolates from the patients who had shared the same room and an isolate from Irgasan soap had a significant molecular similarity (dice index higher than 0.93). After adequate control measures, no subsequent environmental sample proved positive for P. aeruginosa. These data strongly support the hypothesis of the clonal origin of the infective strains and suggest an environmental source of infection. The AFLP method was fast enough to allow a 'real-time' monitoring of the
Introduction
Pseudomonas aeruginosa is an opportunistic pathogen capable of causing high morbidity and mortality in severely immunocompromised patients, and it is a major cause of nosocomial infections. [1] [2] [3] Person-to-person transmission is a well-established mechanism of P. aeruginosa spreading; more recently, several studies stress the importance of environmental contamination. [4] [5] [6] Different typing systems have been applied to studying P. aeruginosa outbreaks. Phenotypic analysis showed low discriminatory power, and so the use of molecular typing methods is strongly suggested. One such method is AFLP (amplified fragment length polymorphism), a highly discriminatory and reproducible genotyping method, which has already been applied to analyse P. aeruginosa transmission routes. This method can help both in identifying an outbreak as well as in taking corrective measures. 7 From June to October 2006, in the SCT unit of the Careggi hospital in Florence (Italy), six severe P. aeruginosa bloodstream infections were diagnosed in patients undergoing SCT. To evaluate strain clonality and to identify the source of infection and the transmission routes, we conducted an epidemiological investigation using AFLP analysis of patients and environmental P. aeruginosa isolates.
Patients and methods

Patients
From May to September 2006, 46 patients were admitted in the SCT unit. During this period, an outbreak consisting of six severe P. aeruginosa sepses was reported ( Table 1 ). Five of the infected patients were haematological patients (two AML, 2 non-Hodgkin's lymphoma, one multiple myeloma) and one patient was an autoimmune disease (multiple sclerosis). Two were autologous transplants, one syngeneic and three allogeneic (one identical sibling and two matched unrelated transplants). All patients received myeloablative conditioning regimen. Oral antibacterial, antifungal and antiviral prophylaxis consisted in ciprofloxacin 500 mg/ b.i.d., itraconazole 400 mg/day and acyclovir 400 mg/b.i.d., respectively.
GVHD prophylaxis was performed only in unrelated transplants with CYA, MTX and antithymocyte globulin.
Setting
The SCT unit consists of 10 single positive pressure rooms equipped with high-efficiency particulate air filter. Each room has a private bathroom and anteroom with a hand washing station. Before every new admission, the room is cleaned and disinfected and the bacteriostatic soap (Irgasan) in the anteroom and the detergent soap in the bathroom are changed. Caps, masks, shoe covers and hand washing are required before entering the room. All patients had permanently implanted central venous catheters.
Specimen collection
Blood samples were collected from central venous catheters; environmental samples were collected from different sources that had potential for cross-contamination throughout the SCT unit: shower, sink, toilet bowl, tap, bed, floor and other surfaces of the anteroom, bedroom and bathroom of room N monthly. Tap water samples were taken each month from all wardrooms and in room N every 2 weeks. In addition, the electrolytic chloroxidant disinfectant (Irgasan), used for hand washing before entering the patient room, and disinfectant Antisapril (5%), used for facilities cleaning, were examined.
Microbiological analysis
Blood cultures were performed using the Bactec System (Becton Dickinson, Milan, Italy) and aerobic and anaerobic resin media. Environmental samples were cultured on solid medium (blood agar, chocolate agar, sabouraud agar) incubated for 48 h at 37 1C. All isolates were identified and tested for their antimicrobial susceptibility according to the recommendations of the Clinical and Laboratory Standards Institute 8 with the automated Vitek2 System (BioMerieux, Marcy l'Etoile, France) and confirmed, for biochemical profile, with the API 20NE assay (BioMe´rieux).
AFLP analysis AFLP analysis was based on already described methods 9, 10 with slight modifications. DNA was extracted from cells inactivated in a solution of 50% isopropanol by Wizard Genomic DNA Purification Kit TM (Promega, Milan, Italy), following the manufacturer's instructions, and quantified spectrophotometrically (Biophotometer, Eppendorf). A total of 80 ng of genomic DNA was used for digestion and ligation. For PCR amplification, 1.5 ml of ligation mixture was added to a final volume of 20 ml of the reaction mixture. 6 The PCR amplification products were analysed by denaturing capillary electrophoresis on an ABI prism 310 analyser. In all, 1.0 ml of PCR product and 0.5 ml GeneScan400HD (PE Biosystems, Foster City, CA, USA) internal size standard were denatured by adding 12.5 ml of deionized formamide (3 min at 95 1C), chilled on ice, injected at 15 kV for 5 s into 47 cm capillary filled with the polymer POP-4 (PE Biosystems) and electrophoresed at 15 kV for 26 min at 60 1C. The detection filter was ABI 310 filter D.
AFLP data analysis AFLP fragment size was determined from the internal standard by the GeneScan software using the local southern method. Only fragments ranging from 60 to 117 bp and from 127 to 297 bp were analysed. Fragment analysis was performed by GeneMapper 4.0 software (Applied Biosystems).
NTsys (Applied Biostatistic Inc.) program was used to compute a distance matrix between profiles based on the dice index. The matrix was then used for the construction of a dendrogram, employing the UPGMA (unweighted pair group method with arithmetic mean) method. Repeated AFLP analysis of the P. aeruginosa ATCC 27853 strain provided a cutoff value of clonality at a 0.90 dice index.
Results
Patients and antimicrobial profiles of patient isolates
In four months, between June and October 2006, six patients were infected by P. aeruginosa in the SCT unit of the Careggi hospital, sketching out a possible outbreak. Five of these patients had severe neutropenia (polymorphonuclear leukocyte count o100/ml). The outbreak included all the four patients who, during the same period, were recovering in room N of the ward (Table 1 and Figure 1) ; of these, patient 6 developed a central venous catheters-related P. aeruginosa sepsis after hospital discharge and neutrophil recovery.
All six P. aeruginosa strains isolated from the six patients involved in the outbreak episode shared the same biochemical pattern, as determined by the API20NE assay (not reported). Five of the six isolates, with the exception of isolate 773, exhibited similar antibiotic resistance profiles (2pminor error) ( Table 2) .
Environmental sampling
Four out of 52 environmental samples, collected during and after the outbreak episode, were positive for P. aeruginosa: three Irgansan soap samples from anteroom H (isolate 472) and anteroom N (isolate 535), an Irgasan sample (isolate 536) and a tap swab sample (isolate 537) from the staff cleaning and dressing room.
AFLP results AFLP fragment profiles contained an average of 85 bands ( ± 5 s.d.; not shown). As shown in Figure 1 , UPGMA cluster analysis identified a group of five isolates possessing a dice index higher than 0.93: four (isolates 471, 152, 581 and 1095) were from the patients allocated in room N and one (isolate 535) was from the Irgasan soap of the N anteroom. Isolates 151 and 773, from patients never accommodated in room N, seem to be independent clones, with unique AFLP profiles. Independent clonality (dice index higher than 95%) was found for the isolates 472 and 536 from Irgasan samples from anteroom H and the staff room, respectively.
Relationship between phenotype and AFLP genotype Biochemical profiling (not reported), despite its ability to correctly identify the isolates at the species level, is not P aeruginosa outbreak in transplantation R Fanci et al discriminatory enough for intraspecific discrimination. Antibiotyping (Table 2 ) was more discriminatory. If sensitive and resistant labels were considered, antibiotyping was able to distinguish strains 773 and 151 from each other and from the other four isolates (see ceftazidime and ciprofloxacin columns in Table 2 ), in accordance with AFLP results (Figure 1 ). However, when minimum inhibitory concentration (MIC) values were considered, the specificity of antibiotyping was less satisfactory, and the differences between the isolates of the AFLP clonal group and the differences between the members of this group and the other two independent strains are of the same amplitude (Table 2 ). AFLP showed higher discriminatory power and epidemiological concordance.
Outbreak control measures
In addition to routine control measures (see Patients and methods), after the third case of P. aeruginosa sepsis in room N, changing of taps, installation of water filters and water network hyperchlorination were performed in all the wardrooms. 4 Moreover, weekly microbiological monitoring of the soap was started.
Clinical outcome and microbiological follow-up
The six patients involved in the outbreak were treated with meropenem (1000 mg i.v./b.i.d.) and vancomycin (1000 mg i.v./b.i.d.). The central venous catheter was removed only in one case (patient 6). None of the patients died from infection. Moreover, none of the three patients who subsequently recovered in room N, from October to December 2006, developed P. aeruginosa sepsis, and none of the environmental samples collected during this period proved positive for P. aeruginosa.
Discussion
Nosocomial outbreaks have been described in oncology units and BMT units, 11 and different environmental sources have been identified as reservoirs for the microbial species that are frequently responsible for invasive infections in neutropenic patients. However, the mechanisms of P. aeruginosa nosocomial transmission in haematologyoncology patients are complex and not fully elucidated.
Recent studies have shown that tap water represents an important reservoir for P. aeruginosa and a possible infection source. 12, 13 In the SCT unit of Careggi hospital, over a 4-month period, an outbreak of P. aeruginosa, constituted by six episodes of severe sepsis, was detected; four of these sepses involved patients who followed each other into room N of the ward. AFLP analysis of the isolates from the six patients established definitively the clonality of the four strains from patients in room N and, at the same time, the independent origin of the other two P. aeruginosa isolates. As any contact between patients had been excluded, we hypothesized an environmental origin for the infection. To investigate this hypothesis, specimens were collected from several surfaces, soaps and disinfectants of patients' rooms and from the cleaning and dressing wardroom. As a result of this investigation, P. aeruginosa was isolated from three soap samples and a tap swab. AFLP analysis showed that one of these environmental strains, an isolate from the N anteroom soap, has a significant molecular similarity (dice index higher than 0.93) with the four strains from the outbreak in room N.
Contaminations of disinfectant and antibacterial soaps by P. aeruginosa are not unusual. In our case, the low bacterostatic activity of triclosan (Irgasan) could be the possible reason for its contamination. [14] [15] [16] In the outbreak described here, contaminated soap was found only at the time of recovery of the third patient in room N. As the Irgasan soap was changed for each new patient, it could not be the primary source for all the cases of infection.
Our monitoring was not able to identify the main P. aeruginosa reservoir. However, as water has been reported as a common environmental source of P. aeruginosa from which soaps can be easily contaminated, 17 we hypothesized that water would be a possible cause of soap contamination, even if our probes of tap water were repetitively negative.
At the identification of the outbreak, a hospital team, consisting of physicians and nurses of the SCT and Hospital Infection Control units, was actively involved in stopping the phenomenon, by applying strict bacteriological surveillance. After these control measures, the next three patients, who in the next three months were assigned to room N, did not acquire a P. aeruginosa infection, and no more positive environmental samples were found.
The use of AFLP as a molecular tool for tracing the spread of the bacterium was of utmost importance to confirm the clonal origin of the outbreak and to find a possible environmental source. Moreover, the AFLP method was fast enough to allow a 'real-time' monitoring of the outbreak.
